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A B S T R A C T
Chrysanthemum indicum Flower is usually consumed as functional food. This paper de-
scribed an improved total quality assessment method for Chrysanthemum indicum Flower by
simultaneous quantitation using a single standard to determine multi-components method
combined with high performance liquid chromatography fingerprint analysis. Six main com-
ponents of Chrysanthemum indicum Flower including two flavonoids and four phenolic acids
were simultaneously quantified using linarin as the internal reference standard.The method
was fully validated with respect to linearity, precision, accuracy, robustness and stability.
The validated method was successfully applied to the analysis of thirty three batches of
Chrysanthemum indicum Flower samples. Under the same chromatographic conditions, fin-
gerprint analysis in combination with Similarity analysis and principal component analysis
was performed to identify the samples from different regions. In general, an effective as-
sessment using a single standard to determinate multi-components method combined with
fingerprint analysis make the reliable qualitation and quantitation analysis of Chrysanthe-
mum indicum Flower available.
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1. Introduction
Chrysanthemum indicum Flower (CIF) is a well-known edible and
medicinal plant with small yellow flowers. Flowers and buds
of CIF are widely used as a food supplement, or herbal tea,
which are considered as the health food by many consum-
ers. It is also widely used to treat various immune-related
disorders, hypertension symptoms and several infectious dis-
eases such as stomatitis and fever in folk medicine in China
and Korea for centuries [1–3]. CIF is known to contain several
classes of biologically active compounds including essential
oils, terpenoids, flavonoids, and phenolic acids [4,5]. Among the
nonvolatile oil, the major active components include flavo-
noids of luteolin-7-O-β-D-glucoside and linarin, as well as
phenolic acids of chlorogenic acid, 3,5-di-O-caffeoylquinic acid,
3,4-di-O-caffeoylquinic acid and 4,5-di-O-caffeoylquinic acid.
The phenolic acids have antibacterial, antiphlogistic, antimu-
tagenic, antioxidant and other biological activities [6]. Linarin
and luteolin-7-O-β-D-glucoside are used as remedies because
of their antiphlogistic, spasmolytic, good antioxidant and free
radical scavenging properties [7].
In recent years, there have been more and more applica-
tions for CIF extracts especially in the nutraceutical and food
areas. Since distributed widely in China, the quality of CIF
differs. Therefore, a reasonable assessment method for CIF is
urgently required. In the past decades, a huge number of ana-
lytical strategies have been designed to assess the quality of
natural dietary supplements (NDSs). These involved quantifi-
cation of a single compound or multiple components, as well
as fingerprint analysis. Single marker compound quantifica-
tion is simple and convenient, but it does not afford sufficient
quantitative information for the other bioactive components
in complex NDSs [8].Meanwhile, fingerprint analysis can control
the quality consistency and stability of food products [9], but
it cannot provide accurate quantification of analytes in NDSs
[10]. Thus, it is reasonable and essential to combine multi-
component determination with fingerprint analysis to control
the total quality of NDSs. However, the limited availability of
various chemical standard substances for quantitative analy-
sis is a major hurdle [11]. On assessing the alternative measures
available for the practical comprehensive determination of
NDSs, the single standard of determination multiple compo-
nents (SSDMC) method is worth considering [12,13]. Through
the above analysis, it is necessary to perform the method based
on SSDMC method and fingerprint analysis in routine quality
control of CIF. In the process, techniques such as HPLC [14],
gas chromatography (GC) [15], high performance capillary elec-
trophoresis (HPCE) [16], gas chromatography–mass spectrometry
(GC–MS) [17] and liquid chromatography–mass spectrometry
(LC–MS) are often used. However, HPLC is simple, reliable and
inexpensive, and has been widely used for quality control of
herbal dietary supplements.
In this study, HPLC chromatogram with a good separation
and symmetrical peak shape was achieved.The highest content
of six components in CIF included chlorogenic acid, luteolin-
7-O-β-D-glucoside, 3,4-di-O-caffeoylquinic acid, 3,5-di-O-
caffeoylquinic acid, 4,5-di-O-caffeoylquinic acid and linarin, the
peak areas of which were above 75% of the total. Thus, the si-
multaneous quantification of the six active compounds would
be of significant value for the quality control of CIF, but to date,
no reports have been published.We present here a simple and
reliable HPLC method, which allows the simultaneous quan-
tification of the six major components using linarin as the
internal reference standard. The new method was fully vali-
dated, and the results were compared with those obtained from
traditional external standard method. The developed method
was successfully applied to the quantitative analysis of
33 batches of CIF from different regions. Meanwhile the HPLC
fingerprints of CIF were established under the same chromato-
graphic conditions. Sixteen peaks in the chromatography were
marked as the common peaks. Multivariate statistical analy-
sis technique including principal component analysis (PCA) and
similarity analysis (SA) were used to differentiate between com-
mercial CIF samples.The present study involves a combination
of CIF quantitation of 6 chemical constituents, fingerprints, SA
and PCA. This combination offers a method to ensure quality
consistency of commercial samples.
2. Materials and methods
2.1. Instrumentation and chromatographic conditions
Shimadzu 20A HPLC System (Shimadzu Corporation, Japan)
comprised a binary solvent delivery system, an on-line degasser,
an auto-sampler, a column temperature controller and a pho-
todiode array detector coupled with Lab Solution software.
Additional different HPLC instrument was used. Agilent 1260
HPLC system compromised a quaternary solvent delivery
system, an on-line degasser, an auto-sampler, a column tem-
perature controller and a photodiode array detector coupled
with an analytical workstation. KH5200b sonicated bath (He
Chuang, Kun Shan, Co. Ltd) was used for sample preparation.
A BP 211D balance (Sartorius, Germany) was used to weigh the
samples.
The separation was performed on a Luna C18 column (4.6
mm × 250 mm, 5 μm, Phenomenex Inc, CA, USA) protected by
a Security Guard C18 guard column (4.0 mm × 3.0 mm, 5 μm,
Phenomenex Inc.) with a sample injection volume of 10 μl. De-
tection wavelength was set at 326 nm. The flow rate was
0.8 ml/min. The column temperature was maintained at 20 oC.
The mobile phase consisted of 0.05% phosphoric acid in water
(A) and acetonitrile (B). The gradient program was as follows:
12–19% (B) in 0–17 min, 19–20% (B) in 17–30 min, 20–21% (B) in
30–40 min, 21–23% (B) in 40–50 min, 23–25% (B) in 50–57 min,
25–26% (B) in 57–70 min.
2.2. Chemicals and standards
Acetonitrile for HPLC was purchased from Fisher Scientific
(USA). Water for HPLC was redistilled. Analytical grade phos-
phoric acid was used for HPLC. Methanol used for extraction
was purchased from Fisher Scientific (USA). Gallic acid,
chlorogenic acid, cryptochlorogenic acid, caffeic acid, 3,4-di-
O-caffeoylquinic acid, 3,5-di-O-caffeoylquinic acid, 4,5-di-O-
caffeoylquinic acid, luteolin-7-O -β-D-glucoside and linarin were
purchased from Chengdu Must Biological Technology Co. Ltd
(Chengdu, China).The purities of all the chemical reference sub-
stances were more than 98%.
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2.3. Materials
Thirty three batches of representative samples of CIF were col-
lected from different regions involving thirteen provinces of
China (Table 4), and all were identified by Professor Jia Ying,
who is in the School of Chinese Material Medica at Shenyang
Pharmaceutical University. All these samples have been har-
vested in the fall of 2012 and were obtained from commercial
sources and through online.
2.4. Preparation of standard solutions
Stock solutions of the reference standards (Gallic acid,
Chlorogenic acid, Cryptochlorogenic acid, caffeic acid, 3,4-di-
O-caffeoylquinic acid, 3,5-di-O-caffeoylquinic acid, 4,5-di-O-
caffeoylquinic acid, luteolin-7-O-β-D-glucoside and linarin) were
prepared by dissolving accurately weighed standards in metha-
nol and a little dimethyl sulfoxide to yield the concentrations
of 0.6812, 0.7156, 0.4516, 0.3412, 0.7376, 0.928, 1.170, 0.935,
1.211 mg/ml respectively, and stored in a 10 ml volumetric flask.
The stock solution was then diluted with methanol to the ap-
propriate concentration range to establish calibration curves.
2.5. Preparation of sample solutions
0.5 g of the powdered CIF was sonicated in 20 ml of 60%metha-
nol for 30 min. The solution was then transferred to a 10 mL
volumetric flask. Prior to the sample injection, an adequate
volume was passed through a 0.45 μm PTFE membrane filter
and the first portion of the filtrate was discarded. The subse-
quent filtrate was stored as the sample solution.
2.6. Calculation of relative response factor and relative
retention time
The RRF of reference standard X (RRFx) was calculated based
on the linearity data. It was briefly described as following two
equations: The ABi and Axi are the peak areas of the internal
single standard (linarin) and the other reference standards (X),
at the concentration level i. The CBi and Cxi are the concentra-
tions of the linarin and the other reference standards (X), at
the concentration level i. The Fx and RRT were calculated by
formulas as follows: RRFx = ABi.Cxi / Axi CBi, RRT = tx/tB, tB is the
retention time of the linarin CRS obtained from a chromato-
gram, in minutes. tX is the retention time of the others.
2.7. Validation of the SDDMC method
The SSDMCmethod, with linarin selected as the internal single
standard, was validated for specificity, stability, linearity, limit
of quantification (LOQ), precision (within- and between-day vari-
ability), and robustness. The results of the precision, accuracy
and robustness calculated by the SDDMC method were com-
pared with the results obtained from the traditional external
standard method using the paired t-test.
2.8. HPLC fingerprint analysis
Data analysis was performed by a professional software named
Similarity Evaluation System for Chromatographic Finger-
print of Traditional Chinese Medicine composed by Chinese
Pharmacopoeia Committee (Version 2009 A), which was
recommended by CFDA of China. The simulative mean chro-
matogram as a representative standard chromatogram for a
group of chromatograms of the CIF samples from different
sources was calculated and generated by this software.The cor-
relation coefficient of similarity between each chromatographic
profile of CIF samples and the simulative mean chromato-
gram was calculated, respectively.
PCA is a sophisticated technique widely used for reducing
the dimensions of multivariate problems. It reduces the dimen-
sionality of the original data set by explaining the correlation
among a large number of variables in terms of a smaller number
of underlying factors without losing much information. In this
study, the PCA was performed on the relative peak area of
common peaks in the HPLC fingerprints by SPSS 19.0 software.
3. Results and discussions
3.1. Calculation of relative response factor and relative
retention time
Using linarin as the internal standard, the RRFs and RRT of six
standards were calculated based on results of linearity. As
shown in Table 2, the RRF of luteolin-7-O-β-D-glucoside was
1.01. The RRFs of chlorogenic acid, 3,4-di-O-caffeoylquinic
acid, 3,5-di-O-caffeoylquinic acid, and 4,5-di-O-caffeoylquinic
acid were 0.71, 0.65, 0.61 and 0.60, respectively. The similarity
of RRFs could be explained by the similar chromophore groups
of analytes. In addition, the RSDs were less than 4.0%, indi-
cating that the values of the RRFs obtained on the same
instrument were stable. The calculation of RRT was neces-
sary so that the peaks could be identified with only the internal
standard. From Table 2, the RSDs of RRT less than 0.7% sug-
gested that the RRTs obtained on the same instrument were
highly repeatable.
Through seven concentration standard solutions, the
ruggedness of RRT and RRF of six analytes were compared
with different equipments (Agilent 1260 and Shimadzu
20A) and columns (Phenomenex). As shown in Table 1, the
average RRFs of luteolin-7-O-β-D-glucoside, chlorogenic
acid, 3,4-di-O-caffeoylquinic acid, 3,5-di-O-caffeoylquinic acid,
and 4,5-di-O-caffeoylquinic acid were 0.74, 1.01, 0.65, 0.61,
and 0.60, respectively, using the above described conditions.
RSDs were <4.7%. The results showed that the RRFs for
each analytes were quite similar at detection wavelength of
326 nm under different columns and HPLC instruments,
indicating a good durability of the RRFs. The RRT was quite
stable in different equipments and columns with the
RSDs < 2%. In general, both the RRT and RRF were fluctuated
in a relative narrow range in different equipments and
columns.
3.2. Validation of the SDDMC method
3.2.1. Specificity and stability
The specificity was estimated by comparing the consistency
of the retention time and UV spectrum between a sample and
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the corresponding reference standard. Fig. 1A and B shows that
the six main components in the chromatogram of CIF could
be identified by the corresponding standards. Meanwhile, peak
purity detection function of PDA was used, which confirmed
acceptable purity of the six analytic peaks in the sample
chromatogram.
The stability of sample solution was analyzed by calculat-
ing the coefficient of variation of the main peak area in the
same sample after storage for different times. As shown in
Table 3, the results of the stability evaluation indicated that
Table 1 – Ruggedness of RRT and RRF of six analytes (n = 6).
Factor RRT RRF
C2 C7 C10 C12 C13 C2 C7 C10 C12 C13
① 1 0.19 0.45 0.51 0.55 0.66 0.71 1.00 0.65 0.60 0.60
2 0.19 0.44 0.51 0.55 0.66 0.71 1.01 0.65 0.61 0.60
② 1 0.19 0.44 0.54 0.60 0.71 0.74 1.01 0.65 0.61 0.60
2 0.18 0.43 0.53 0.59 0.70 0.74 1.01 0.65 0.62 0.61
Result 0.19 ± 0.01 0.44 ± 0.01 0.52 ± 0.02 0.57 ± 0.03 0.68 ± 0.03 0.71 ± 0.03 1.01 ± 0.02 0.66 ± 0.01 0.61 ± 0.01 0.60 ± 0.01
①SHIMADZU 20A HPLC System (Shimadzu Corporation, Japan) comprised a binary solvent delivery system, an on-line degasser, an auto-
sampler, a column temperature controller and photodiode array detector coupled with an analytical workstation (Chem-station For LC 3D Systems
A10.02 (1757)).
②Agilent 1260 HPLC System (Agilent Technologies, USA) comprised a quaternary solvent delivery system, an on-line degasser, an auto-
sampler, a column temperature controller and photodiode array detector coupled with an analytical workstation (Chemstation For LC 3D Systems
A10.02).
Column 1: Phenomenex Luna C18(2) 100A (4.6 × 250 mm, 5 μm); Column 2: Agilent XDB C18 (4.6 mm × 250 mm, 5 μm).
Table 2 – The results of linearity, LOQ, RRF and RRT.
Standard NO. Regression equation r Range (μg ml−1) LOQ (μg ml−1) RRF RRT
RRF RSD% RRT RSD%
C2 y = 39128x − 4750.6 0.9998 7.156–143.1 0.1600 0.71 0.8 0.19 0.4
C7 y = 27662x − 1086.1 0.9997 3.740–74.80 0.3700 1.01 1.2 0.44 0.4
C10 y = 43396x − 6337.3 0.9997 2.950–59.01 0.3100 0.66 3.4 0.56 0.6
C12 y = 456636x − 11086 0.9997 9.28–185.5 0.3300 0.61 1.0 0.62 0.6
C13 y = 46692x − 10217 0.9997 4.680–93.6 0.3200 0.60 2.4 0.73 0.4
C16 y = 27616x + 1721.3 0.9997 12.11–242.2 0.4900
RRT: relative retention time; RRF: relative response factor; ‘x’ was the concentration of standard compound, in μg/mL. ‘y’ was the peak area of
standard compound at correspondent concentration.
Table 3 – The results of stability of CIF sample solution
(n = 1).
Time Peak Area of six analytes
C2 C7 C10 C12 C13 C16
0 h 2.60E6 1.08E6 1.17E6 5.29E6 2.20E6 3.15E
2 h 2.66E6 1.08E6 1.18E6 5.39E6 2.25E6 3.39E
4 h 2.67E6 1.10E6 1.21E6 5.50E6 2.28E6 3.41E
6 h 2.65E6 1.09E6 1.20E6 5.46E6 2.26E6 3.39E
8 h 2.71E6 1.13E6 1.25E6 5.67E6 2.35E6 3.46E
10 h 2.67E6 1.09E6 1.19E6 5.41E6 2.25E6 3.40E
12 h 2.65E6 1.07E6 1.15E6 5.25E6 2.20E6 3.37E
16 h 2.67E6 1.10E6 1.21E6 5.49E6 2.28E6 3.40E
24 h 2.68E6 1.09E6 1.19E6 5.424E6 2.26E6 3.40E
RSD% 0.7 1.5 2.3 2.2 1.8 0.8
C2: The component of number 2. So do the others.
Fig. 1 – Representative HPLC chromatograms of
(A, B) mixed standards and (C) CIF with the compounds
numbered as follows: (1) Gallic acid, (2) Chlorogenic acid,
(3) Cryptochlorogenic acid, (4) Coffeic acid,
(7) Luteolin-7-O-β-D-glucoside, (10) 3,4-di-O-caffeoylquinic
acid, (12) 3,5-di-O-caffeoylquinic acid,
(13) 3,4-di-O-caffeoylquinic acid, (16) Linarin.
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the sample solution was stable for almost 24 h, with the RSDs
of peak areas less than 3%.
3.2.2. Linearity range
Calibration plots for the six compounds were obtained over the
calibration range at seven concentration levels.The seven point
calibration curves for six compounds showed a linear corre-
lation between concentration and peak area with r > 0.9997
(Table 2).The limits of quantification for six analytes were listed
in Table 2, which indicated high sensitivity under the HPLC
conditions.
3.2.3. Precision and accuracy
The within-day variability of precision was performed by three
replicates at three different concentrations. The between-day
variability of precision was analyzed by three replicates each
day on three consecutive days. The accuracy was determined
by a recovery test performed by spiking all of the reference stan-
dards into a sample (0.25 g) of CIF powder, followed by extraction
and analysis as above described. Three concentration levels,
covering the 75.00–125.0% ranges of a known amount of analyte
in the sample, were established in order to perform the re-
covery test.
For establishing the within-day variability, the RSDs of six
analytes were within 2.0%. Furthermore, the results per-
formed by the two methods showed no remarkable differences
using paired t-test (P = 0.161). For the between-day variabil-
ity, the RSDs of six analytes were within 2.2% except for linarin
(RSD = 4.4%).The results obtained by the two methods showed
no remarkable differences (P = 0.301). For the recovery test, the
recoveries of all of the analytes were in the range 90.0–108%
with the RSDs less than 5.4%. The recovery between the two
methods showed no remarkable differences (P = 0.068).Through
the above discussed validation and comparison, it was shown
that the SSDMC method could obtain coincident and reason-
able accuracy and precision compared with the traditional
external standard method.
3.2.4. Robustness
In order to apply the SSDMC method in different laboratories,
the factors studied were adjusted subjectively one variable at
a time (OVAT) to investigate the significant affecting factors for
thismethod.Eight experimental conditionswere slightly varied,
including column temperature (±1 °C) flow rate (±0.1 ml/min),
concentration of acid (±0.1%), ratio of organic phase (±1%), time
of gradient (±1 min),wavelength (±2 nm), and injection volume
(±5 μl).The parameters, including RRF, RRT, total content, theo-
retical plate number (N), and peak-tailing factor (T), were
compared to determine the robustness of the SSDMCmethod.
The results as followed: (1) the values of RRFs at each level of
the eight factors were maintained at 0.71, 1.01, 0.65, 0.61, 0.60,
respectively, and consistent with the results in section 3.1,
showing that all the operational factors had little influence on
the RRFs. (2)The values of RRT at each level of the eight factors
were well distributed except for the factors of flow rate and
ratio of organic phase. RSDs ranged in 2.0%–5.4% at the two
levels of factors, indicating that a slight variation of flow rate
and proportion ofmobile phase had a significant effect on RRT.
(3) The total contents of the six analytes varied on the factor
of flow rate (RSDs ranged in 3%–4%), but were invariable on
the other factors. The phenomenon was consistent with the
tendency ofN. (4)The values ofT at each level of the eight factors
were stable. The factor of flow rate had a significant affect on
R, but all the values of R were more than 2.
Above all, the flow rate, and proportion of mobile phase
should be controlled in the HPLCmethod for CIF, while the other
conditions were allowed to vary in the certain range on the
basis of above analysis.
3.3. Application of the SSDMC method
The validated SSDMC and ESM methods were employed to
assay 33 batches of CIF from different origins. The total con-
tents of six analytes were listed in Table 4. From the Box plot
in Fig. 2, the six major components were detected in all CIF
samples,whereas their contents differed greatly from each other
especially for linarin (component 16), probably due to the dif-
ferences of harvest time, geographical climate, process and
storage. In addition, the SSDMC method could obtain accor-
dant values compared with the traditional external standard
method for assay of the different CIF samples (P = 0.318).
3.4. HPLC fingerprint analysis
Based on the results of determination, HPLC fingerprints for
CIF were established. Reference chromatographic fingerprint
for CIF extracts was generated based on the 33 samples ob-
tained from various sources.The pattern fingerprints of CIF were
illustrated in Fig. 3. As shown in Fig. 1B, a good separation and
reproducible chromatogram was achieved and 16 peaks were
marked as the common peaks (from peak 1 to peak 16) in the
chromatograms of the 33 raw herbs. Nine peaks (1, 2, 3, 4, 7,
10, 12, 13, 16) in the HPLC fingerprint profile were identified
by comparing the UV spectra and retention time with the ref-
erence compounds. Peak 16 (linarin), the most important active
constituents of CIF (China Pharmacopoeia Committee 2010),
was chosen to calculate the relative retention time (RRT) and
Fig. 2 – Box plot of content distribution of six analytes in
the 33 samples of CIF. C2 was component 2. So did the
others. Total was total content of the six analysis.
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Table 4 – Total Content (%) of investigated compounds in CIF from SSDMC and ESM method. The similarities of
chromatograms of 33 batches of CIF samples.
NO. Origin Content
by SSDMC (%)
Total
content (%)
RSD% Similarity
C2 C7 C10 C12 C13 C16 ESM SSDMC
1 Hebie 0.262 0.290 0.033 0.507 0.250 0.091 1.418 1.432 0.7 0.983
2 Anhui 0.284 0.126 0.175 0.540 0.190 0.461 1.761 1.775 0.6 0.980
3 Anhui 0.488 0.100 0.108 0.637 0.294 0.120 1.732 1.746 0.6 0.971
4 Anhui 0.478 0.123 0.073 0.649 0.215 0.109 1.634 1.647 0.6 0.944
5 Anhui 0.399 0.057 0.056 0.880 0.189 1.167 2.728 2.749 0.5 0.855
6 Anhui 0.184 0.127 0.078 0.234 0.137 0.370 1.123 1.129 0.4 0.762
7 Hubei 0.058 0.015 0.008 0.194 0.059 0.925 1.257 1.259 0.1 0.699
8 Hubei 0.218 0.217 0.068 0.379 0.185 0.010 1.066 1.077 0.7 0.945
9 Hubei 0.247 0.267 0.073 0.407 0.208 0.012 1.201 1.214 0.8 0.993
10 Henan 0.151 0.097 0.053 0.330 0.153 0.081 0.856 0.865 0.7 0.972
11 Henan 0.349 0.226 0.117 0.569 0.264 0.216 1.725 1.741 0.7 0.966
12 Henan 0.287 0.100 0.098 0.598 0.157 0.767 1.998 2.007 0.3 0.942
13 Jiangsu 0.175 0.037 0.042 0.552 0.136 1.001 1.927 1.943 0.6 0.984
14 Jiangsu 0.252 0.102 0.058 0.267 0.107 0.197 0.976 0.984 0.6 0.948
15 Jiangsu 0.127 0.061 0.041 0.337 0.119 0.905 1.573 1.591 0.8 0.989
16 Jiangsu 0.240 0.090 0.064 0.477 0.128 0.611 1.597 1.610 0.6 0.921
17 Zhejiang 0.296 0.052 0.048 0.689 0.188 1.116 2.370 2.388 0.5 0.975
18 Zhejiang 0.265 0.144 0.100 0.423 0.200 0.135 1.256 1.266 0.6 0.960
19 Zhejiang 0.250 0.263 0.021 0.466 0.216 0.260 1.467 1.475 0.4 0.963
20 Zhejiang 0.267 0.129 0.064 0.411 0.158 0.024 1.048 1.053 0.3 0.960
21 Zhejiang 0.297 0.080 0.185 0.501 0.236 0.467 1.772 1.767 0.2 0.953
22 Jiangxi 0.419 0.098 0.043 1.132 0.157 1.131 2.968 2.980 0.3 0.968
23 Jiangxi 0.242 0.113 0.098 0.410 0.160 0.428 1.443 1.450 0.3 0.956
24 Hunan 0.332 0.208 0.040 0.881 0.250 1.015 2.712 2.726 0.4 0.951
25 Hunan 0.327 0.044 0.054 0.628 0.278 1.069 2.379 2.400 0.6 0.872
26 Guangdong 0.084 0.016 0.013 0.246 0.087 0.925 1.368 1.372 0.2 0.948
27 Guangdong 0.198 0.154 0.113 0.322 0.229 0.473 1.473 1.489 0.8 0.878
28 Guizhou 0.233 0.047 0.043 0.483 0.163 0.848 1.799 1.816 0.7 0.923
29 Guangxi 0.260 0.244 0.028 0.587 0.207 0.388 1.703 1.714 0.5 0.921
30 Guangxi 0.251 0.114 0.080 0.283 0.110 0.174 0.999 1.012 0.9 0.907
31 Sichunan 0.423 0.061 0.044 1.505 0.172 1.314 3.508 3.518 0.2 0.900
32 Shanxi 0.426 0.052 0.044 1.388 0.162 1.098 3.159 3.170 0.2 0.926
33 Shanxi 0.298 0.079 0.092 0.504 0.238 0.467 1.679 1.689 0.4 0.796
Fig. 3 – HPLC fingerprint of 33 batches of CIF from different origins; R: reference chromatogram generated from all CIF
samples.
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relative peak area (RPA) of all the other peaks.The results from
the 33 batches of samples indicated that the RPAs of the 16
common peaks varied dramatically, but the RRT was invari-
able for the herb and, thus, was a suitable parameter for
identification.
3.4.1. Similarity evaluation
It was necessary that chromatographic fingerprint of CIF from
various sources should be evaluated by their similarities, which
obtained from the calculation on the correlative coefficient of
original data. Thus the correlation coefficient between each
chromatogram of CIF samples and the simulative mean chro-
matogram was shown in Table 1.The results indicated that the
samples shared different correlation coefficients of similari-
ties. Furthermore, the samples from eastern China involving
Henan, Hubei, Jiangsu, Anhui, Zhejiang and Jiangxi (except S5,
S6, and S7) achieved the higher value of similarity among 33
samples, which suggested that samples from the above regions
shared a similar chromatographic pattern.While, the samples
from southwestern and southern China including Gui zhou,
Sichuan, Guangxi, Hunan, Guangdong had the adverse result,
suggesting that these products differ from those with a high
similarity value.
3.4.2. Principle component analysis (PCA)
Since the mean chromatograms of each source indicated that
differences among samples mainly existed in the content varia-
tions of common components. In order to evaluate the
discrimination ability of these common components, PCA was
employed using the RPAs of 16 common peaks as input data
instead of the full spectrum of fingerprints without any pre-
processing. The RPAs of common constituents in 33 batches
of CIF samples from various sources formed a matrix of 16 × 33.
The first two principal components, PC 1 and PC 2, which re-
flected 95.5% of the total variance in these samples,were chosen
to provide a convenient visual aid for identifying inhomoge-
neity in the data sets. As depicted in Fig. 4, the samples could
be classified into three groups, which were marked as groups
I–III. Regardless of the overlapped marks, group I consisted of
16 samples totally from southeastern China including Anhui,
Henan, Hubei, Jiangsu, and Zhejiang except S26 from Guang-
dong; group II consisted of 11 samples collected from
southwestern and southern China involving Sichuan, Guizhou,
Guangxi, Hunan, Guangdong and Jiangxi; group III consisted
of 3 samples fromAnhui and Hubei.The samples classified into
the same group had similar chemical properties/components.
Groups I and II were partially overlapped and the overlapping
area consisted of 3 samples from Zhejiang and Jiangxi as the
transitional regions of eastern and southern China. Group III
was far from group I, which could be explained by the
differences of storage, harvesting time or other potential factors.
Additionally, the data listed in Table 1 confirmed that the
similarity values of samples in groups I–III was in fit the dec-
rement tendency.
4. Conclusions
In summary, a simple, efficient and enhanced quality assess-
ment method for CIF was established. In contrast to the
conventional quality assessment standard of CIF, the SSDMC
method overcame the scarcity and cost of chemical refer-
ence substances. It is the first time using SSDMC method for
simultaneous quantification of the six components in CIF.The
method proved to have good linearity, precision, recovery, sta-
bility and robustness. Additionally, fingerprint analysis in
combination with SA and PCA was performed to identify the
CIF samples from different regions under the same chromato-
graphic conditions.The results demonstrated that HPLC coupled
with determination using SSDMCmethod and fingerprint analy-
sis is a powerful and practical tool for comprehensive quality
control of CIF and can be replicated for other herbal medi-
cines with multiple components.
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